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FOREWORD

A study at the National Bureau of Standards (NBS), of which
this 1s the twelfth progress report, has been undertaken to meet
the need of the National Aeronautics and Space Administration
(NASA) for thermodynamic information on biologically related
materials important to the space program for several reasons.
Among these reasons are the necessity of inferring the maximum
account of useful chemistry of incompletely accessible environ-
ments, for which only limited information is available, the
possibility of the occurrence of organic compounds naturally
synthesized under primitive conditions, and the possibility of

theoretically recovering part of the prebiological history of
the earth.

This program is being carried out under the technical
supervision of Dr. George Jacobs of NASA, and with the consulta-
tion of Dr. Harold Morowitz of the Yale University, Department
of Molecular Biology and Biophysics, and Dr. C. W. Beckett of
the Heat Division, Institute for Basic Standards (NBS). The
contract (Contract No. R-138) was initiated 1 May 196l and
extended by Amendments 1 and 2. This report covers the third
quarter of the work being carried out under Amendment 2.

for George T. Armstrong
Supervisory Chemist
Project lLeader



Section I.

Analysis of Heat-Capacity Data
Martin L. Reilly and George T. Furukawa

This report gives the details of the results obtained in the
analysis of heat-capacity data on normal aliphatic hydrocarbons
containing from 8 to 16 carbons and on tetraphosphorus decasulfide
(Phslo)' A preliminary brief summary of the results was reported
earlier (see Eleventh Report on a Survey of Thermodynamic Properties
of the Compounds of the Elements CHNOPS, National Bureau of Standards
Report No. 9553, June 15, 1967).

In the following sections the sources of heat-capacity data for
each of the substances are discussed and the interpretations of the
experimental data are compared. The values of mean heat capacity for
the temperature interval 0° to 50°C on the Cg to 016 hydrocarbons,
reported in 1902 by Mabery and Goldstein [h]% were considered to be
only of historical interest and were not given any weight in the
analysis.

The tables of thermodynamic properties obtained for the
n-aliphatic hydrocarbons from 08 to 016 and for Phslo are given at

the end of this section.

1 The numbers in brackets represent the literature references given

at the end of this section.



n-Octane, Cghj g

The analysis was based largely on the experimental heat-capacity
data reported by Finke, et al. [2], from 13° to 298°K. Premelting
corrections were applied to the data above 230°K by using the impurity
content (0.05 mole percent) estimated by Finke, et al. [2]. The solid-
phase heat-capacity data were extrapolated to O°K using the equation
C,=TRxD (13L4/T)* given by Finke, et al. No transition or anomaly
has been observed in the solid‘phase. The triple-point temperature
was taken to be 216.38°K and the heat of fusion to be 4957 cal/mole [2].

The liquid-phase data were found to be represented best by a cubic
equation. The estimated standard deviation of the observed data from
the cﬁbic equation is *+0.018 cal/deg-mole (+0.03 percent of the average
liquid-phase heat capacity for the temperature interval of the
measurements) .

The data on n-octane published by Parks, et al. [6] and Huffman,
et al. [3] are based upon samples of lower estimated purity. Their
data, therefore, were given less weight. The observations (283 to 308°K)
of Osborne and Ginnings [5] in the liquid phase are in good agreement
with those of Finke, et al. [2].

The entropy at 298.15°K (82

298
data analysis for liquid n-octane at the saturation pressure compares

) that has been obtained from the

with other published values as follows:

2 D(13/T) represents the Debye heat-capacity function with the

characteristic temperature 134°K.




o}
Year 8298

cal/deg-mole

1930 86.0 Parks, et al. [6]
1931 86.0 Huffman, et al. [3]
1953  86.326 %0.17 Finke, et al. [2]
1967  86.30 %0.20 [This work]

n-Nonane, Colbg

The experimental measurements (12 to 31L°K) reported by Finke, et al.
[2] were used as the main basis of this analysis. Premelting corrections
were applied to the solid-phase data above 140°K using the estimated
impurity content (0.12 mole percent) given by Finke, et al. [2]. The
solid-phase data were extrapolated to 0°K using the equation
C, = TRx D(129.5/T) given by Finke, et al. [2]. In the range 20° to
60°K and just below the transition point, a slightly different interpre-
tation was placed upon the solid-phase heat capacity, resulting in some-
what lower smoothed values in each case. The solid-phase transition
temperature was taken to be 217.19°K and the heat of transition to be
1510 cal/mole. (This is the sum of 1501 cal/mole reported by the
above authors plus 9 cal/mole arising from the difference in the smoothed
heat capacities above 160°K mentioned earlier.)

The heat of fusion was taken to be 3697 cal/mole and the triple-
point temperature to be 219.66°K. The liquid-phase heat capacity can
be represented best by a cubic equation. The estimated standard deviation
of the observed values from the equation is +0.022 cal/deg-mole (approxi-

mately +0.03 percent of the mean liquid heat capacity of the interval of



observations). The data of Osborne and Ginnings (278 to 318°K) [5]
are in excellent agreement with the final selected values.

The heat-capacity data reported by Parks, et al. [6] and by
Huffman, et al. [3] were obtained with far less pure samples and were
found to be significantly lower than those reported by Finke, et al. [2]
and Osborne and Ginnings [5] (approximately 0.2 to O.L4 percent).

The entropy at 298.15°K that has been obtained from the analysis

for 1liquid n-nonane at the saturation pressure compares with other

published values as follows:

Lear 5298

cal/deg-mole
1930 93.9 Huffman, et al. [3]
1953 9L.091 +0.19 Finke, et al. [2]
1967 906 £0.30 [This work]

n-~-Decane, CyoHyp

The heat-capacity measurements between 12° and 319°K reported by
Finke, et al. [2] on a sample of 99.91 mole-percent purity have been used
as the main basis for this analysis. In the range 160° to 210°K, the
heat-capacity data exhibit an anomalous behavior. The data published
earlier by Huffman, et al. [3] for a sample of lower purity (Jjudged on
the basis of a larger "premelting effect" indicated by the data) do not
show such a behavior. Finke, et al. [2] attributed the anomaly to impurity
and excluded the contribution of the anomaly from the heat capacity. The

same procedure was followed in the present analysis. Premelting corrections

were applied to the observed data in the region below the triple-point




temperature. A cubic equation was fitted to 10 data points between
150° and 230°K after eliminating those data points that were obviously
part of the anomaly. The heat capacities thus obtained are somewhat
lower; therefore, the entropy increment over the temperature interval
is slightly lower (0.020 cal/deg-mole) than that estimated from the
smoothed values of heat capacity given by Finke, et al. [2].

The solid-phase heat capacity was extrapolated to 0°K using the
equation CS = 8R x D(137.1/T). The heat of fusion was taken to be
6863 cal/mole and the triple-point temperature to be 243.51°K.

The liquid-phase heat capacity reported by Finke, et al. [2]
was found to be represented best by a cubic equation. The estimated
standafd deviation of the data from the equation is *0.01l6 cal/deg-mole
(£0.02 percent of the mean liquid-phase heat capacity for the interval
of measurements). The data reported by Osborne and Ginnings [5] between
278% and 318°K are in good agreement with the final selected values of
heat capacity. The values reported by Parks, et al. [6] and Huffman,
et al. [3] deviate considerably.

The entropy at 298.15°K that has been obtained from the analysis
for liquid n-decane at the saturation pressure compares with other

published values as follows:

Tear 5298

cal/deg-mole
1931 102.5 Huffman, et al. [3]
1953 101.793 +0,20 Finke, et al. [2]
1967 10L.77 *0.25 [This work]



n-Undecane, C13Hp),

The experimental data (12 to 299°K) of Finke, et al. [2] were used
for the analysis. Premelting corrections were applied to the observed
data using the estimated impurity content (0.02 mole percent) reported
by Finke, et al. [2]. The data were extrapolated to 0°K using the
equation Cs = 7R x D(124.9/T) given by Finke, et al. [2]. A few data
points in the region 110° to 130°K indicate a lack of thermal equili-
brium in the solid phase; otherwise, the data are well behaved. The
analysis of the data from 12° to 220°K produced, in general, slightly
higher smoothed heat capacities than those obtained by Finke, et al. [2];
therefore, the entropy at 220°K is approximately 0.020 cal/deg-mole higher.

The heat of transition was taken to be 1639 cal/mole and the transi-
tion temperature to be 236.6°K.

The observed heat capacities between 236.6° and 247.59°K were
fitted by a straight line and then adjusted slightly to conform with the
entropy increment obtained by Finke, et al. [2] for the temperature
interval.

The heat of fusion was taken to be 5301 cal/mole and the triple-
point temperature to be 247.59°K.

The observed liquid-phase data were fitted by a cubic equation.

The estimated standard deviation of the observed values from the equation
is +0.03L cal/deg-mole (equivalent to +0.02 percent of the average liguid-

phase heat capacity for the interval of observations).




The entropy at 298.15°K that has been obtained from the analysis
for liquid n-undecane at the saturation pressure compares with other
published values as follows:

(o]
Year 82 98

cal/deg-mole

1931 110.9 Huffman, et al. [3]
1953 109.495 +0.22 Finke, et al. [2]
1967 109.53 0,25 [This work]

n-Dodecans, Cq,Hy¢

The experimental heat-capacity measurement (12 to 317°K) reported
by Finke, et al. [2] are the basis for this analysis. The data published
by Huffman, et al. [3] were obtained for a sample of significantly lower
purity; they, therefore, were not given any weight. The observed heat
capacity dat were corrected wherever significant for premelting using
the impurity content (0.07 mole percent) given by Finke, et al. [2].

The solid-phase heat capacity was extrapolated to 0°K using the equation
CS = 8R xD(132.3/T) reported by Finke, et al. [2]. The smoothed heat
capacities obtained for the interval 20 to 110°K are generally higher
than those published by Finke, et al. [2] and the entropy at 110°K is
corfesponding]y higher by about 0.020 cal/deg-mole. In addition, the
smoothed heat capacities in the region below the triple-point tempera-
ture given by Finke, et al. [2] closely follow the observed data that
have not been corrected for premelting effects. The entropy obtained
for the solid at the triple-point temperature is 0.031 cal/deg-mole

lower than the value reported by Finke, et al. [2].



The heat of fusion and the triple-point temperature were taken to
be those given by Finke, et al. [2], 8804 cal/mole and 263.59°K,
respectively.

The liquid-phase observed heat capacities were fitted to a cubic
equation. The estimated standard deviation of the observed data from
the equation is +0.030 cal/deg-mole (corresponding to *0.03 percent of
the average observed liquid-phase heat capacity).

The entropy at 298.15°K that has been obtained from the analysis
for liquid n-dodecane at the saturation pressure compares with other
published values as follows:

Year 8298
cal/deg-mole

1931 118.1 Huffman, et al. [3]
1953 117.267 *0.23 Finke, EE.QL. [2]
1967 117.25 +0.30 [This work]

n-Tridecane, ClBHQ 8

The experimental measurements (12 to 306°K) reported by Finke,
et al. [2] are the basis of this analysis. The estimted impurity

content of the sample was 0.05 mole percent. Premelting corrections

were applied to the solid-phase data below the triple-point temperature.

The data were extrapolated to 0°K using the equation C_ = 8RxD
(126.5/T) given by Finke, et al. [2]. In the region just below the
solid-phase transition, an adjustment was made to the distribution of

energy between the heat capacity and the transition, resulting in




slightly lower smoothed heat capacities than those reported by Finke,
et al. [2]. The heat of transition was correspondingly increased by
12 cal/mole to a new value of 1843 cal/mole. The transition tempera-
ture was taken to be 255.05°K.

The observed data between the transition and triple-point tempera-
tures were fitted by a straight line with an estimated standard deviation
corresponding to about 0.3 percent of the average value of heat capacity
for the phase. The heat of fusion was taken to be 6812 cal/mole and the
triple-point temperature to be 267.79°K. The liguid-phase heat-capacity
data are represented by a quadratic equation with an estimated standard
deviation of the observed data from the equation of 0.CQ48 cal/deg-mole
(tO.QS percent of the average liquid-phase heat capacity between 268
and 310°K).

The entropy at 298.15°K that has been obtained from the data analysis
for liquid n-tridecane at the saturation pressure compares with the value

reported by Finke, et al. [2] as follows:

Year 3298

cal/deg-mole
1953 12).966 +0.25 Finke, et al. [2]
1967 124.96 +0.30 [This work]

n-Tetradecane, Cyp) Hzg

Experimental heat-capacity measurements (12 to 303°K) reported by
Finke, et al. [2] are the basis of this analysis. The measurements
(93 to 291°K) reported by Parks and Light [7] on a sample of considerably

lower purity were not given any weight. Premelting corrections were applied

9



to the solid-phase data using the impurity content (0.07 mole percent)
reported for the sample by Finke, et al. [2]. The data were extrapolated
to 0°K using the equation C = 8.5 R x D(131.1/T) given by Finke, et al.
[2]. The solid-phase heat capacity was found to be well behaved, free

of any anomalies. _

The smoothed values of heat capacity published by Finke, et al. [2]
generally tend to be higher than their experimental values below 100°K.
The entropy at 100°K that has been obtained is, therefore, 0.015 cal/deg-
mole lower than that of Finke, et al. [2].

The heat of fusion was taken to be 10772 cal/mole and the triple-
point ‘temperature to be 279.03°K.

The liquid-phase heat-capacity data were fitted to a straight line
with an estimated standard deviation of the observed values from the
equation of *0.037 cal/deg-mole (+0.0L percent of the average liquid-
phase heat capacity in the interval).

The entropy at 298.15°K that has been obtained from the data analysis
for liquid n-tetradecane at the saturation pressure compares with other
published values as follows:

Lear 5598

cal/deg-mole

193l 134.4 Parks and Light [7]
1953 132,746 $0.26 Finke, et al. [2]
1967 132.73 +0.30 [This work]

10




n-Pentadecane, 015H32

The experimental heat-capacity measurements (12 to 313°K) reported
by Finke, et al. [2] are the basis of this analysis. Premelting correc-
tions were applied to the solid-phase data based on the impurity content
(0.05 mole percent). The data were extrapolated to 0°K using the
equation C_ = 9R x D(130.2/T) given by Finke, et al. [2]. As with

n-tetradecane, the smoothed values obtained by Finke, et al. [2] are

‘generally higher than their observed values for temperatures below 150°K.

The entropy obtained at 150°K is, therefore, about 0.023 cal/deg-mole
lower than that of Finke, et al. [2].

In the interval 230 to 270°K, the distribution of energy between
heat capacity and heat of transition has been slightly adjusted, resulting
in lower values for heat capacity and a higher heat of transition. The
heat of transition was taken to be 221 cal/mole which is 23 cal/mole
higher than the value reported by Finke, et al. [2]. The transition
temperature was taken to be 270.90°K.

The solid-phase heat capacities between the transition and triple-
point temperatures were fitted with a straight line with an estimated
standard deviation of *0.188 cal/deg-mole (t0.1l5 percent of the average
heat capacity of the phase).

The heat of fusion was taken to be 8268 cal/mole and the triple-point
temperature to be 283.11°K.

The liquid-phase heat capacities were fltted with a quadratic equa-
tion with an estimated standard deviation of *0.023 cal/deg-mole (+0.02
percent of the average liquid-phase values for the temperature interval of

the measurements reported).



The entropy at 298.15°K that has been obtained from the data
analysis for liquid n-pentadecane at the saturation pressure compares

with the value reported by Finke, et al. [2] as follows:

Year 3298

cal/deg-mole
1953 1,0.416 +0.28 Finke, et al. [2]
1967 1,0.38 +0.30 [This work]

n-Hexadecane, GCjgHs)

The experimental heat-capacity measurements (12 to 320°K) reported
by Finke, et al. [2] are the basis of this analysis. The data
(80 to 300°K) reported by Parks, et al. [8] on a sample estimated to be
95 mole-percent pure were not given any weight. Premelting corrections
were applied to the solid-phase data based on the impurity content
(0.12 mole percent) found by Finke, et al. [2]. The solid-phase data
were extrapolated to 0°K using the equation CS = 9R x D(129.6/T). No
transitions or anomalies were observed in the solid phase. An incon-
sistency was found in the treatment of the data by Finke, et al. [2]
in the premelting region. Their smoothed values are significantly
higher than the observed data corrected for premelting. The smoothed
values of heat capacity obtained in the present analysis are consistent
with the observed values corrected for premelting. The entropy of the
solid phase at the triple-point temperature, 291.3L°K, is, therefore,
lower by 0.027 cal/deg-mole than the value reported by Finke, et al. [2].

The heat of fusion was taken to be 12753 cal/mole.

12




The liquid-phase heat-capacity data were fitted by a quadratic
equation with an estimated standard deviation of +0,038 cal/deg-mole
(+0.03 percent of the average liquid phase heat capacity over the

temperature interval of the measurements).

The entropy at 298.15°K that has been obtained from the analysis
for liquid n-hexadecane at the saturation pressure compares with other

published values as follows:

fear 5298

cal/deg-mole
1949 149.8 Parks, et al. [8]
1953 148,09 *0.29 Finke, et al. [2]
1967 148.07 +0.L0 [This work]

Tetraphosphorus Decasulfide, P);S10

The experimental values of heat capacity (6 to 3L5°K) reported by
Clever, et al. [1] are the basis of this analysis. The sample was
prepared by purifying a technical-grade material by repeated extraction
with carbon disulfide and finally vacuum removal of the solvent.

The data have been found to be very precise except within the
region below approximately 15°K. The interpretation of the data below
15°K is slightly different from that of Clever, et al. [1], with the
result that the entropy at 15°K was found to be 0.049 cal/deg-mole

higher than that calculated by Clever, et al. Above 15°K the analysis

closely followed that made by Clever, et al. [1].

13



The entropy at 298.15°K obtained from the analysis of the heat-
capacity data for tetraphosphorus decasulfide compares with that of
Clever, et al. [1] as follows:

)
Year 8298

cal/deg-mole

1965 91.2l Clever, et al. [1]

1967 91.29 *0.20 [This work]

1l




TABLE 121

MOLAL THERMODYNAMIC FUNCTIONS FOR OCTANE
NORMAL-CBH18
SOLID AND LIQUID PHASES
T DEG K=273.15+T DEG C 1 CAL=4,1840 JOULES

GRAM MOLECULAR WTe= 114423266 GRAMS

T < (H=ES) (=€) /T 59 (6.-E$) S (Gg=EI /T
bEG x o CAL _ caL _CAL__ _cAL__ AL __cAL__
BEG ™AL Aot BEG M3L  DFG MOL oL 5FG MoL
SOLID TRICLINIC

3e00 0.000 Cenuo €000 04000 0.000 04000
Beco 3ei56 $e570 0.014 0.019 0.023 04005
10200 Oeirbs 1.126 0.113 0.150 0376 04038
15400 lou37 50585 0.372 0.498 1.892 0126
25400 2.918 164327 0.817 1.107 5.800 04290
25e0 4e5603 354091 leb404 1937 134330 0e533
30.00 64359 624481 24083 2.931 25,441 0.848
35,00 84090 284665 2.819 42043 42.835 16224
PN a.7e1 147,35 2.584 5,234 £5.999 14650
45,20 11.742 1ag.14 4.359 P 95.255 24117
5ieuy  17.860 256067 5,133 74749 130.81 ce616
EELIS 16.322 S24.66 5,003 9,044 172.78 3,142
50400 ib.085 399,73 64662 104350 221.27 34688
5560 THhed3s 431632 Te4C5 114655 276e2E 4e251
7Eu00 i6e103 503493 8.128  12.953 337.81 4eB26
75,00 19.736 6624249 84831 144241 405.80 5e411
BCeCv  Zus3ib 761424 9.515  15.518 480420 6.003
85400 21378 86555 iCel1833 164782 560496 64600
95.C0 2Z.348 974 48¢ 16.822  18.032 648400 74200
95400 234252 108849 11,462  19.265 741.25 7.803
106405 244109 120743 12.073  20.480 840462 84406
105.00 244937 133040 124666  21.676 946,02 94010
115.00  28.743 145647 13.242 224855 105744 24612
254529 1597.2 12.803  24.016 1174.5 10213
27.20s 1701.5 144249 25,162 1297.8 104812
280541 186,02 14.882 26291 142641 114409
59,77 ~r2303 15.402  27.40% 156044 12.003
20.484 214749 15.011  28.504 1700.2 12594
304154 L2741 164438  25.539 194544 12,181
304874 26498 150895  3..061 le96.¢ 13,766
S6CS.E 17.272 21,710 315240 ja.3a7
"T76H543 17.841 22,765 7317247 144024
hleig SR 1p.a01 22,799 247046 1e.408
5ielll PR 182754 2,227 265142 164068

Rhlzon PR 19,201 35,235

S 27,5 104647 26,340

15,753 214, 25.385  17.827

EPRLET 279541 204514 76,877

374364 079,2 204947 33,912

386745 LTEB D 214370 47 4704

29.188 LRE2 04 21217 a1l TN

40.199 656349 22.248 2,754

414281 476445 224688 43,736

42,433 4a72.8 53,134 44,720

42.763 503246 234258 44,993

LIQUID PHASE

216438 55.515 998946 464167 674902 470340 214735
220,00 55551 10191, 464321 684823  4950.5 274502
225.00  55.644 10469, 464527 704072 5297.7 27.545
230,00 55.784 10747, 464727  71.297 5651, 1 244570
235.00 55.968 11027, 462921 72,498 601046 254577
240400 564194 11307, 474112 73,679 637641 264567
245,00 564457 11589, 474300  T4.840 674744 274540
250.00 564755 11872. 474486  T5.984 7124.5 284498
255.00 57.084 121564 474671  T7.111 7507.2 . 204440
260400 574441 124424 474855  78.223 7895.6 304368
265.00  57.823 12731 48.040  79.321 828944 31.281
270.00 584226 13021, 484225  80.405 366847 32.181
273415 584560 13205, 484342  81.083 3943,1 32,741
275.00 584747 13313, 484411  B8l.47R 9093.5 33,067
280.00 594082 136084 48.599  82.540  9503.5 33,541
285,00 594529 13904, 484787  B3.590  9alg.R 344803
290.00 59.984 14203, 48.976  B4.620 10339, 35,653
295.00  60.4bé4 14504 49.166  85.658  10765. 364492
298.15 604735 14695, 49.287  86.302  11036. 37.015
300.00 604905 14807, 49.358  86.678  11196. 374320

S5 = 0 AT ABSOLUTE ZERO

THE SUBSCRIPT S REFERS TO THE STATE IN EQUILIBRIUM WiTH SATURATED VAPOR

15



TABLE 122

MOLAL THERMODYNAMIC FUNCTIONS FOR NON

NORMAL—CQHZO

SOLID AND LIQUID PHASES

T DEG K=273415+T DEG C
GRAM MOLECULAR WT.= 128.25975 GRAMS

C c 0
T < (He~ES)  (Hg=ESH /T 9
bEG K - CAL _ caL _CAL . __CAL__
BEG MOL MOC BEG MOL  DEG MOL
SOLID TRICLINIC
0.00 0.000 04000 04000 0000
5,00 0,063 0,078 04016 0.021
10.00 04498 14250 04125 0.167
15.00 1.573 64157 0e410 0e550
20400 3,127 17,782 0889 1.208
25400 4.903 374790 14512 24094
30,00 6.783 664982 2.233 3.1573
35.00 8,664 105463 3.018 4,341
40400 104503 153,56 34839 5.618
85,00 12.274 210453 44678 64958
50.00 13.982 276420 54524 84340
55,00 154614 350,22 6368 94750
60.00  17.140 432416 7.203 11.175
65.00 184555 521.44 84022 124603
70,00  19.883 617456 8.822 140027
75.00 214158 72018 94602 15,443
80.00 224390 829407 104363 16.848
85.00 234559 942,97 11.106 18.241
90400 244650 105445 11.828 19.619
95,00  25.670 119044 12450 204979
100.00 264636 132141 134211 224321
108.00 274567 145647 13.873 23.643
110.0C 284472 159648 144516 244946
115.00 294355 1764143 150142 264231
120,00  30.217 189043 154752 274499
125.00  31.059 2043,5 164348 284750
130.00  31.881 2200.8 164929 29.984
135,00 32,684 236243 17.498 31.202
140.00 334470 252746 184055 32,405
145,00  34.242 269645 184599 33,593
150,00 35,007 2870.1 194134 34,767
155.00 35,772 304740 19.658 35.927
160.0C 364546 3227.8 204174 37.075
165.00  37.338 341245 204682 38.212
170.00 384158 36012 21.184 39.338
175.00 39,014 379441 21.681 40.457
180,00  39.917 3991 .4 224175 414568
185.00 404875 4193.4 224667 424675
190.00  41.895 440043 23.159 43,778
195,00 42,984 461245 234654 444881
200400 44,148 483043 244151 45.983
205.0C 454389 505641 244654 47.089
210.00  46.708 528443 254163 48,198
215.00 484104 5521.3 25.680 494313
217419 484739 562744 254910 494804
SOLID HEXAGONAL
217419 63,000 7137.4 32.863 564757
219.66 63000 729340 33.202 57.469
LIQUID PHASE
219466 634412 10990, 504033 744300
220.00 634398 11012, 504053 744398
225,00 634253 11328, 50.348 75.821
230.00 63208 11644, 504628 77.211
235.00 634251 11961. 50.896 784570
240.00 634372 122774 514154 794903
245,00 634562 12594, 514405 814212
250400 634810 12913, 514651 82.498
255,00 644109 13233, 514892 83.765
260.00  b4e452 13554, 524130 85.013
265.00  64.832 13877, 524366 86244
270.00 65,244 14202, 524601 874460
273415 654517 14408, 57.748 884218
272.00 65682 14530, 52.835 884661
280.00 664143 14859, 53,068 894849
285.00 664623 151914 534302 914023
290.00 67120 15525, 534536 924186
295,00  67.632 158624 53,7790 93.338
298415 674963 16076. 53,919 944058
300,00 684159 162024 544006 944479
305.00 684702 16544, 544242 954610
310.00 694260 16889, 54,680 964732
S5 = 0 AT ABSOLUTE ZERO

THE SUBSCRIPT & REFERS TO THE STATE IN EQUILIBRIUM WI

16

ANE

1 CAL=4,1840 JOULES

C C
(GS EO) (GS EO)/T
CAL __GAL__
MOL DEG MOL
0+000 04000
0026 04005
Oetl7 06042
24093 0e140
64380 0e319
144552 0e582
274606 0920
464295 14323
71.161 1¢779
102.58 24280
140481 24816
186,02 34282
238434 34972
297.78 44581
364436 54205
438404 5¢841
518477 64485
606450 74135
701.16 7791
802.66 Bel49
910.92 9:109
1025.8 94770
114743 10430
127543 114089
1409.6 11747
155042 124402
1697.1 13.054
18500 134704
2009.1 144350
2174.1 144994
234540 15¢€33
252167 164269
270442 164901
289244 174530
308643 184155
3285.8 18776
3490.9 194394
370145 204008
391746 204619
4139.3 214227
436644 214832
4599.1 22e¢435
483743 234035
5081.1 234633
5189.6 234895
518946 234894
5330.6 244268
5330.6 244268
535549 244345
573145 254473
6114,1 264583
650345 274675
689947 284749
7302.5 294806
7711.8 30e847
81275 314873
854944 32488¢
8977.6 334878
94119 344859
968845 356470
985242 354826
10298, 364780
10751 37721
112009, 380651
11672 394568
11968. 404140
12142 406473
12617 414368
13098, 426252

TH SATURATED VAPOR




TABLE 123

MOLAL THERMODYNAMIC FUNCTIONS FOR DCCANE

NORMAL~C

10722

SOLID AND LIQUID PHASES

T DEG K=273,15+T DEG C

0.00
5400
10.00
15,00
20.00
25.00
30400
35,00
40400
45,00
50.00
55400
60.00
65.00
70.00
75.00
8000
85.00
90,00
95400
100.00
1054070
110.0¢C
115.00
120.00
125,80
130400C
135.00
1404720
145400
150C0
155.00
160400
165400
170400
175400
1804C0
185400
150400
195.00
200400
2054C0C
210400
215400
220.0C
225400
230400
235,00
240400
243451

243451
245400
250400
255400
26000
265.00
270400
273.15
275400
280,00
285400
290,00
295400
298415
300400
305400
310.00
315400
320400

0,000

04060

04481

1544

3.181

54093

Teld?7

94204
11.195
13.124
144975
16731
184381
19.921
214368
224751
244077
254326
264489
274575
284604
294594
304557
314495
324411
334,304
344174
35.023
354853
364667
37467
384258
394042
39,825
404612
414410
426224
434062
434928
444829
45768
464750
474779
4BeB58
49,991
51.178
526421
534721
554076
564061

704854
70705
714107
714360
714660
724004
72388
72650
724810
734267
734754
744268
74.808
75159
754368
756947
76540
77145
77758

GRAM MOLECULAR WT.=

_eC
(Hs EO)

CAL
MOL

SOLID TRICLINIC

04000
04075
14204
54977
174617
384231
68,4788
109.72
160473
221456
291484
371415
458498
554477
658403
768435
885445
100940
113846
127367
141462
155947
171041
186542
202540
218943
235840
253140
27082
288965
307449
326402
3457 44
365446
2185547
406047
426948
448340
470065
49224
514848
538Ca1
56164
585840
61051
635840
661649
688243
7156443
734943

14212
14318
14673
15029
15387
15746
16107
16335,
16470
16835
17202«
17572
17945,
18181,
18321
18699
19080
19464
19852,

$3 = 0 AT ABSOLUTE ZERO

THE SUBSCRIPT S REFERS TO THE STATE

Syt

tHg=Eg

__CAL__
DEG MOL

0.000

04015

04120

04398

0.881

1.529

24293

34135

44018

4e924

5837

64748

74650

84535

94400
104245
114068
11.870
124651
134408
144142
144854
154546
164220
164875
174515
184139
18e748
19344
19.928
200499
214059
21609
224169
224680
234204
236721
264233
24739
250243
254744
264244
26745
27246
27750
284258
286769
294286
294809
30.181

LIQUID PHASE

584364
58e441
584692
58938
594179
59418
594655
594803
594890
600125
606359
604595
604831
604981
614069
614308
614549
61e791
624036

17

142428684 GRAMS

0

AL

DEG MOL

04000

04020

Qel61

04533

16162

24104

34212

4e470

54829

7260

Be739
10.250
11777
134310
144840
164361
174872
194370
20851
224312
234753
254173
264572
274951
29311
306652
314975
33.281
344570
354842
374099
384340
394567
404781
414981
434170
444348
45,516
464675
474828
484975
50117
£14256
52393
34529
54.666
554804
56945
58090
5284897

87.081
87.513
884947
904358
91.746
934115
44464
954305
95796
974112
984413
994700
10097
10177
102424
103.49
104473
105496
10718

1 CAL=4,1840 JOULES

C
(GS—EO) -G

0.000
04025
0e401
24020
64215
144360
27578
464732
72445
105414
145013
192.59
247465
310437
380475
458075
544434
637445
738.01
845493
961410
1083.4
1212.8
1349,1
1492.3
164242
179848
19619
213145
230746
248949
267845
287343
307462
3281.1
349440
3712.8
3937.4
416749
440442
464642
4893.9
147 a4
540645
S671e3
594148
62180
6499.8
67874
679247

699247
71228
756349
80122
846745
892946
939846
969745
987442
10357,
10845,
11341,
11842,
12162,
12350,
12865,
13385,
13912,
14445,

C
S—Eo)/T

0+000
04005
04040
0e135
0e311
Qeb574
04919
14335
1811
24337
24903
34502
44128
4775
Se439
60117
64804
72499
84200
84905
9s611
104318
114025
11731
124436
13s138
134837
142533
154225
154914
164600
17281
17.958
184631
190301
194966
204627
214283
210936
224586
234231
234873
244511
254146
254779
264408
274035
274659
284281
286716

284716
294072
30256
316420
324567
334697
344810
354502
354906
364988
38054
394106
406143
400790
416168
424179
434178
4490165
454140

IN EQUILIBRIUM WITH SATURATED VAPOR




TABLE 124

MOLAL THFRMODYNAMIC FUNCTIONS FOR UNDECANE
NORMAL=Cy Hy,
SOLID AND LIQUID PHASES
T DEG K=273.15+T DEG ( 1 CAL=441840 JOULES

GRAM MOLECULAR WT.= 156431393 GRAMS

C C 0 - eCy - <
T CS (HS—EO) (Hs Eo)/T SS (GS Eo) (Gs Eo)/T
DEG K  ~=CAL__ caL _CAL__ __CAL__ AL ~SAL__
DEG MOL MOL DEG MOL DEG MOL MOL DEG MOL
SOL1D ORTHORHOMBIC
Q.00 0000 0+000 04000 0+000 04000 04000
5400 04070 0.087 04017 0023 0029 0006
10,00 0e554 le392 04139 Qe186 Oeab4 0s046
15.00 la729 64814 Jeb54 04609 24326 Del55
20400 3.428 194548 Q0e977 14330 74059 0353
25400 50414 414573 1a663 2305 164053 06642
30400 74540 734913 2ebb4 34478 304439 14015
35.C0 9715 117407 34345 L4805 51.092 leb460
40400 11855 17100 44275 be242 784669 16967
45,00 13951 235454 Ce234 Te760 113464 2525
50400 154975 210440 5208 9335 156436 34127
55400 174907 395414 74184 10949 207.C6 34765
60400 19745 489431 34155 124587 265489 40632
65400 210468 592640 Qells 144236 2132.95 54122
70400 23.C80 703480 1Ce054 15886 408625 5e832
75eCC 244621 823,08 10974 17532 491480 54557
80400 264104 QUTe92 11874 10,168 £82,56 Te294
85400 27.506 108440 124753 204794 683447 8e041
90euC 284805 122448 124609 224407 791e46 Be794
954CC 3064013 1371.9 lbebtr] 23,9972 90T ets6 9eb52
100400 314157 1526448 15248 25562 1C31laes 1Ce314
1054C0 224258 168344 164032 27109 116360 114077
110.0¢C 33,329 1847 44 164794 204634 1302.4 114840
115420 3443609 221646 174536 301329 144944 124602
12042C 354376 219140 184258 314623 16C3,8 134365
125400 364351 237043 184963 22,087 176545 l14el24
130.80 37.298 255445 194650 344531 193446 144882
1354GC 384220 274363 2Ce320 25495¢ 21108 124636
140.0C 39.125 293646 204576 3763672 22941 164387
145000 40.018 313445 214617 38,751 248444 174134
150400 404905 233648 220245 4Cel23 268145 17877
155400 416794 254345 224862 41 4479 288546 1Re617
160400 42.689 275447 224467 424820 2C9%6.4 1Ce252
165400 434594 397Ce5 244063 Ghe 1l 3313.8 20+08¢
170400 444514 419Ce7 244651 454467 2837.9 2Ce811
17500 454453 441546 252732 466 T6HE 2768Be 4 21e53¢
180,00 464418 464543 Se807 484060 4lC545 224252
18540C 470414 487948 26378 496345 424540 224967
190400 484448 511945 264945 5Ce623 HL9R GO 234678
195,00 49,528 5364e4 2751C 514895 475542 244386
200400 5Ce659 561448 2Be074 53,164 50179 254089
205400 514848 £871a1 284639 564429 5286.8 224785
210400 534099 61234 294207 554693 556241 2605486
215400 5G4e414 64C2e2 294778 566958 5842,8 274180
220.C0 554796 66777 304352 584225 51317 274871
225400 57«46 676Ce3 3Ca924 57e49% 642640 284560
23000 584752 725062 3145272 60e769 672667 296246
235453 606342 754843 324119 62,050 703347 294931
236460 £0.362 T4 e G 226212 624061 7132,3 30149
SOLID HEXAGONAL
226659 TBetibts G282.,9 394239 694388 713362 20149
2450600 82404 9557 ¢4 394822 706526 737162 204713
245403 B8e227 038349 404751 724295 7728.2 31e544
247459 914243 10216, 414263 734238 791647 31.975
LIGQUID PHASE
247459 784773 15517, 624674 4 eb49 791647 314975
SCevl 784807 15707 624879 954412 814547 324583
255evs 784910 16102 634143 96973 862647 334830
260400 7924099 16496, 634448 98507 9115.4 354059
265400 79+364 16893, 634746 100.02 9611e7 364271
270650 794697 17290 644038 10150 10116 376465
273415 794939 17542 644220C 102443 10437, 3842009
275400 8JeU90 17690, 644326 102.97 10627, 384643
280.0C 80e536 18701 640612 104442 11145, 394804
285400 814024 18495 644895 105.85 11671 406950
29CeUT 8l.548 18902 654178 107.26 12204, 424082
295400 824099 19311 65e4E0 108466 12743, 434198
298415 820456 15570 £54627 1C9.53 13087, 430894
300600 82.668 19723 654742 11004 13290 440301

€2 = 0 AT ABSOLUTE ZERO
THE SUBSCRIPT & REFERS TO THE STATE IN EQUILIBRIUM WITH SATURATED VAPOR

18




TABLE 125

MOLAL THERMODYNAMIC FUNCTICNS FOR DODECANE

NORMAL-C

1226

SOLID AND LIQUID PHASES

T DEG K=273.15+T DEG C

DEG K

0400
5400
15400
15,00
20400
2560
30600
35,00
42000
45400
50600
55eC0
60eU0
6500
70e0C
75400
80.0C
85.00
90400
95.00
100400
105400
110600
115,00
12000
125.00
130.00
135,00
140,00
145400
150400
155400
160400
165400
17000
175.00C
180,00
185400
190.00
195,00
200400
20540C
210400
215400
220400
22540C
22040C
235.0C
24043C
245430
250430
25540C
260400
263459

263459
265400
270400
273415
27540C
2804C0
285402
290420
29540C
298415
300400
305400
310,00
315400
320400

S

DEG MOL

04000

0e067

0e534

le697

34476

54609

74908
104259
12577
l4e841
17041
194134
214098
220929
24ebb2
26428C
27.856
29e341
306712
314982
334181
344336
350458
364548
37610
384643
394650
40633
414593
424534
434460
44,4377
454291
464208
474131
484063
49.007
494966
50942
514941
52966
544022
55e114
566245
576422
584649
59931
6le271
624675
£4ell6
654686
€7e297
684979
704231

864826
864886
374155
874265
874503
87.91¢
384396
884523
87490
274854
904288
95.768
914339
914972
924597

GRAM MOLECULAR WTe= 170434102 GRAMS

SOLID TRICLINIC

Q4000
Qe 084
14340
6613
196351
416977
754718
121615
178426
246483
326457
417405
517469
627481
746478
874611
100945
115245
130247
145945
162244
179142
196547
214547
2331.1
25218
271745
291842
312348
3334,1
354%9.1
376847
399249
42216
445540
469340
493546
518341
543543
569245
595448
6222e¢2
649561
677304
705746
734747
764442
To4T7el
825740
857440
885846
9231402
3571e€
982145

18626
187484
19183,
19458
19620
20C584
204535
20042
213584
21671
21837,
222%9
22744,
22203
23664,

So = 0 AT ABSOLUTE ZERC

THE SUBSCRIPT S REFERS TO THE STATE

C
(H5 EO)/T

DEG MOL

04000
0e017
0el34
Detsts]
Ce968
1679
24524
36452
4ela56
50485
66531
74583
84628
Qe659
1C«663
114655
124619
134559
l4ets74
154363
164224
17.059
174870
184659
194426
20174
204904
21617
220313
224994
234661
244314
244956
254586
26206
264817
27420
284017
284607
294192
29« 774
306352
304929
314504
32,080
324657
334235
23.818
344404
344996
354594
364207
36e814
276261

LIQUID PHASE

706661
70747
716048
Tle239%
Tle344
716626
71926
72215
724502
724684
724791
73.079
736369
72659
739250

19

<

DEG MOL

0«000

0022

0e179

D591

le311

20312

36536

44932

bett54

34066

Je745
11.4568
13,218
1l e 980
l6e742
1Reu39

Ce246
21979
234696
254391
274062
284709
3Ce332
21,933
334511
354067
364602
384117
394612
414088
424546
434986
454409
464817
484210
494590
50957
524313
534658
544994
564322
57643
584958
604268
614574
624878
644181
65.484
664789
684096
694408
TCe724
72047
734001

106440
106486
108449
109450
11009
111667
112423
11478
116430
117425
117481
119430
12C+78
122425
123470

1 CAL=441840 JOULES

~(Gg=tg) ~16,=ESI/T
CAL _.CAL__
MOL DEG MOL
D000 Je0CC
Q.028 Q04006
Qeba? 0e345
76264 56150
6eB72 Ce344
15.825 Q0eb633
304363 le012
“lets72 led71
79892 14997
116416 24581
160667 36213
212468 34885
275439 44530
345488 Se321
425419 ceQT74
5132429 FeBGL4
1016 Te627
Tlhe73 R4420
82992 94221
952465 10028
1083,.8 1048728
122342 1164650
127048 126462
152645 136274
169041 144084
1861e6 146893
204048 154698
222746 164501
242149 17299
262367 18094
283248 184885
3049.1 194672
32726 20e454
350362 216231
374047 224004
2985,.,2 224773
423646 234537
4494,8 240296
475947 254051
503143 254802
5309.6 264548
559446 27291
5886e1 284029
6184,1 284763
648847 290494
6799,9 306222
711765 306946
T4416e7 314667
777244 324385
810946 334100
8453.3 334813
A8(03,¢ 346524
916046 254233
942069 354741
94209 354741
95712 364118
10110. 376443
10453, 384268
10656, 384749
11211, 404038
11773, 414308
12343, 424561
12921, 434798
132288, 444569
13506 452019
14099, 460225
14699, 470416
15206, 48,592
17021 404754

IN EQUILIBRIUM WITH SATURATED VAPOR



TABLE 126
MOLAL THERMODYNAMIC FUNCTIONS FOR TRIDECANE
NORMAL-C13H28
SOLID AND LIQUID PHASES
T DEG K=273.15+T7 DEG C 1 CAL=4,1840 JOULES

GRAM MOLECULAR WT.= 184436811 GRAMS

C C 0 - - - -
T CS (HS—EO) (HS-EO)/T Ss (GS Eo) (GS EO)/T
bEG K =-SAL__ CAL __CAL____CAL__ AL __CAL__
DEG MOL MOL DEG MOL DEG MOL MOL DEG MOL
SOLID ORTHORHOMBIC
000 0000 04000 04000 04000 04000 04000
500 0077 Ue096 0019 04026 06032 04006
10400 0eb09 1533 0el53 04204 0511 04051
1500 le874 Te648 0et97 06667 24555 0e170
20400 3.698 216196 1060 leba5 Te711 0e386
2500 54900 45,068 14803 24502 17.471 04699
30600 84290 80e496 24683 3,787 224108 lelC4
35400 10763 128411 34660 54250 554635 14590
40eC0 134242 188413 44703 £eB4LY 85.834 2el46
45400 15.684 260448 5.788 84551 124430 24762
50eC0 184046 344483 6897 10326 171646 34429
554UY 20e322 440480 Be014 124153 22764 tel37
63ev0 224478 547485 Sel3] lae0i15 293405 44884
65430 244523 665435 106227 154896 367.82 54659
Toe sl 266455 762490 116327 176785 452402 6eu57
75e0LC 28e263 V27674 12396 156672 5454467 74276
8000 294960 107543 13e442 21e551 €4BeT73 84109
8540°¢C 314546 122942 14e461 26415 71415 84955
50eC0 334043 139C.7 156452 256261 88285 94809
95400 3G 4450 185G 66 16e415 27086 10137 10671
13CeC5 354780 17354 17350 2ReBET7 1193 11537
105407 274058 191742 18¢2%9 3ICeH64 13G2,.6 124405
1104C0 2843073 210546 19142 724417 14603 134275
11590 364507 23vCael 204091 L4146 162647 140145
120euv 4(0e665 258286 20e823 254852 18C1.7 Sedle
125400 414790 277567 21e654 274525 10R5,72 154881
13Ge<0 424856 271864 22440 27, 10F 21772 164746
135%e0v. 436902 2132648 2227 404425 237761 17e6C8
14Ceuv 456Gl 352862 236327 4264540 258543 186467
14580 46eu35 358640 2he731 4440573 28Cleb 194321
18Ceus 470110 38194 256460 454622 3025.8 20172
15%ewv 48e117 4057a1 26175 47Te194 32579 214019
16e vt e 43002 26487€ 484737 349747 21s861
165400 454842 276565 506263 374542 220698
17CGess 48C1le2 284242 514774 400063 2324531
1756 v 524161 50554 284511 534270 426249 244360
18ueuv 536241 532249 29572 544755 453340 254183
135400 544248 5590148 30.226 564229 Z810e5 264003
15040 R4 TE RREL L 30876 574697 509542 26817
125400 ShA2L Al15A 06 31.%21 556149 53874 276628
2530evw 57«83350 EL32647 224162 £0e597 S68648 28e434
255400 RN,L16 AT2447 32.237 £24513° 569344 256235
210eC0 6£Ce28% C22e9 22,447 ~2a477 £207e1 3Ce024
215420 Gletrdsl 722747 344082 44911 52861 2C.82¢
22000 634098 763245 364725 L6 e Bbh [FRARToR 3le617
2254C3 HL 4691 7G58,9 354372 676 7R T2¢1e# 226437
230400 56467 828647 364029 6ne221 TEU G 27,122
235400 68448 8623.9 366697 7Ce571 79832,.8 324974
2404300 704709 8971.7 374382 724135 Q34T 4R LT
24540C0C 72,299 932145 2R 088 T72.61¢ 270% a2 25,521
250430 76272 970543 384821 75412% G077C 254208
255400 79679 10895 304588 76672 45645 27084
SOLID HEXAGONAL
2554G0 97.313 11938 464815 834899 45665 37084
260400 106460 12447, 47875 854878 28809 38002
265400 115.88 13004 494070 874907 10316, 384927
26779 12106 13334, . 494794 8942238 10563 294444
LIQUID PHASE
267479 944722 20146 756231 11468 10563 RO eb4ul
2706720 44815 2C256e 754391 11545 10817 4Ce063
273415 944971 20654 75616 116656 111872, 406930
275458 554C76 20820 756747 117420 11277, 414450
23060V 954407 21307 764005 118451 11989, 424819
285euC 354808 21785 T6e437 12C«£€0 12588 440168
290.00 964280 22265 766775 122427 13195 454500
295eC0 964321 22747 T7e110C 123493 12810 4654815
2986153 97198 23053 TTe320 1244706 1420 47635
350euv0 74273 23233 T7e4473 12556 1an34. 4Re114
305eCW 96e115 23722 77777 12717 1503¢€¢€. 494397
310eu3T 93368 24214 78e111 128477 157CA. 504664
55 = 0 AT ABSCLUTE 7FRO

THE SUBSCRIPT S REFERS TO THE STATE IN EQUTLIRRIUM WITH SATURATLD VAPOR
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TABLE 127

MOLAL THERMODYNAMIC FUNCTIONS FOR TETRADECANE
NORMAL-CIAHBO
SOLID AND LIQUID PHASES
T DEG K=273.15+T7 DEG C 1 CAL=441840 JOULES

GRAM MOLECULAR WTe= 198439520 GRAMS

_eC _C 0 te %y —(e €
7 C (Hg=Eq)  tHg=EG /T s (Gg=EG) ~1Gg=ESI/T
_-CAL__ CAL __CAL__ __CAL__ CAL - -
DEG K 5EZMOL MOL SECRGL  BEG ROC NMOL sEeihot
SOLID TRICLINIC
0.00 0,000 04000 04000 0.000 0.000 04000
0.00 0.000 04000 0000 04000 0.000 0.000
5,00 04073 04091 0.018 04024 0.030 04006
10,00 0.583 1s462 0el46 06195 0.488 04049
15.00 1.848 7.206 0.480 0e664 2.448 0e163
20.00 3,785 214067 14053 le428 7.488 06374
25.00 6.130 45,736 14829 2.519 17.238 0690
30400 8.694 824720 24757 3.860 33,094 14103
35,00 11.357 132486 34796 54401 564175 14605
40,00 13.988 196424 44906 74090 87350 24184
45,00  16.567 272465 64059 8.887 127425 24828
50,00 19.078 361480 74236 10.763 176.35 34527
55,00 21.480 463425 8e423 12.695 234.98 44272
60.00  23.756 576439 94607 144663 303,36 54056
65.00  25.885 700456 104778 164649 381.63 54871
70,00  27.881 835,02 114929 184641 469,86 64712
75.00 29,782 979421 13,056 204630 568404 74574
80,00  31.595 113247 144159 224610 676414 86452
85.00 33.294 129540 154235 244578 794.12 94343
90.00  34.866 1465 ¢4 164282 264526 921.89 104243
95,00 364331 164345 174299 284450 1059.3 114151
100,00 37,722 182846 184286 304350 120643 124063
105.00 39,062 202046 19,244 324223 136248 124979
110400 404357 221942 200174 3644070 1528.5 134896
115.00 41,608 262441 21.079  35.892 1703.4 144813
120,00 424815 263542 214960 37.688 188744 154728
125.00 43,984 285242 224817 394460 208043 164642
130.00 45,125 307540 234653 414207 228240 174554
135.00 464242 330344 240469 424931 269243 184462
140.00 474340 353743 254267 444633 2711.2 194366
145,00  48.424 377648 264047 464313 2938.6 204266
150.00 49,495 402146 26810 474973 317443 214162
155.00 504556 427147 274559 494613 341843 224054
160,00 51,612 552741 28.294  51.235 36704 224940
165.00 524666 478748 294017 52,839 393046 23,822
170.00  53.722 505348 294728 544427 4198.8 240699
175.00  54.783 532540 304429 55,999 467449 254571
180.00 55,852 560146 31.120 57.558 475848 264438
, 185.0C  56.934 588346 31.803 59,103 505044 274300
160.00 58,031 617140 320479 604635 5349,8 284157
195.00  59.147 646349 334148 624157 565647 294009
200,00  60.286 676245 334812 634669 597143 294857
205,00  61.451 706648 344472 654172 62934 304700
‘ 210.00 624649 737740 354129 664667 6623.0 314538
| 215.00 63,884 769344 35.783 684156 696041 324372
‘ 220,00  65.164 801640 364436 694639 730446 334203
225.00 66,495 834541 37.089 714118 765645 344029
230.00  67.884 868140 3174764 724595 801547 344851
235,00 69.338 902440 384400 744070 838244 154670
260.00  70.863 937445 39.060 75,546 875644 364485
245,00 724465 07328 39,726 774023 9137.9 174297
250,00 744148 10099 404357 784504 95267 384107
255,00 754917 10474 414076 794990 9922.9 384913
260,00 77.774 108594 414764 814687  10327. 194718
265,00 79.721 11252 420462 82,981 10738, 404520
270,00 81,758 116564 434170 844490 11156 414320
273.15  83.089 11916 434623 854446 11424, 414823
275,00 83,887 12070, 434891 864010 11583, 424119
279,03  85.668 12412 444481 87.243 11932, 424762
LIQUID PHASE
279.03 102476 23184, 834086 125485 11932. 424762
280.00 102,86 232834 836155 126420 12054, 43,050
285,00 103440 23799, 834505 128403 126904 444525
290,00 103493 24317, 834853 12983 13334, 454980
295,00 104447 24838, 844198  131.61 13988. 474417
298,15 104481 251684 840414 132473 14404, 484312
300.00 105400 253624 B4a540 133,37 14650, 484835
S5 = O AT ABSOLUTE ZERO

! THE SUBSCRIPT S REFERS TO THE STATE IN EQUILIBRIUM WITH SATURATED VAPOR
21



TABLE 128

MOLAL THERMODYNAMIC FUNCTIONS FOR PENTADECANE

NORMAL-C15H32

SOLID AND LIQUID PHASES

T DEG K=273.15+T DEG C

0.00
1000
15.00
20400
25.00
30600
35400
40400
45400
50400
55400
60400
65,00
7000
75.00
80,00
85400
904,00
95,00

100.00
105400
110400
115,00
120.0C
125400
130.00
135.0C
140400
145400
150,00
155,00
160.00
165.00
170400
175400
180400
185,00
190,00
195400
200.00
205400
210,00
215.00
220.00
225400
23000
235400
240400
245,00
250400
255400
260400
265400
270.00
270490

27090
273415
275400
280400
283.11

283411
285.00
290400
295400
298415
300400
305400
310,00
315,00

0

04000

0e631

2.001

40022

66427

94069
11.878
144692
174437
200134
224685
254131
27463
294636
31690
33.646
35.484
37.178
38.756
404261
414713
43.122
444490
45,814
474095
48e¢343
49.562
50,755
51.928
53.088
544244
554398
564551
57704
584856
60,012
61.182
624382
634622
64,908
660241
674619
694045
704528
72081
73725
75485
77394
794491
81.821
844432
87374
904691
944423
95141

124409

85421
135420
148475
157418

110.98
111.11
11152
111499
112.32
112,53
113,14
113,82
114458

GRAM MOLECULAR WT.=

C C 0
(Hs EO) (HS EO)/T SS
cAL _CAL_ AL _
MOL DEG MOL DEG MOL
SOLID ORTHORHOMBIC
04000 04000 00090
le582 0158 0e211
74815 0521 04698
224679 le134 16539
486673 14947 24685
874336 24911 44092
139465 34990 56699
206411 5153 74470
286445 64365 94359
380442 74608 11337
487652 BeB6G 134376
607e12 104119 15.456
738466 11364 174561
881e46 12592 124676
103448 13.798 214791
119842 144978 234900
13711 164130 254995
155248 174253 284072
174247 184344 306125
194042 19.402 22,151
214562 20430 344151
235743 214430 366124
257643 22403 384071
28021 234351 394993
303644 244275 414889
327340 25177 434761
351748 264058 4546C8
276846 264919 474432
402543 27761 494234
428749 284586 514014
455642 294395 52772
483043 304189 544514
511042 304971 564236
539548 31740 57942
568742 324498 504631
5984 44 334246 614305
628743 334986 624965
659642 344717 €b4e613
691142 35442 66e249
723245 364163 674876
756064 364880 694495
789540 374595 71108
823647 384310 724715
858546 39.025 744320
894240 39742 754922
930645 400463 77524
967945 414189 794128
10062, 41923 804737
10454, 424668 82.354
10857, 434428 834983
11272 444206 85.628
11702 454007 874296
12147 454837 884991
12609 460701 906720
126954 464861 914036
SOLID HEXAGONAL
14909 554034 994208
9944, 364405 654617
15440, 56e146 101.16
16150, 57679 103471
166264 584726 105040
LIQUID PHASE
24894 87930 134461
25104, 88.083 135435
25660 884484 137.28
26219, 884878 139.19
26572 89«124 140438
26780 894268 141,08
27344, 894654 142494
27912 90.038 144,79
28482 906422 146662

$2 = 0 AT ABSOLUTE ZERO

212442229 GRAMS

1 CAL=4,1

0.000
06527
24651
86102
184556
35.414
59+813
924677
134671
186441l
248.18
220424
402,78
495,87
599.54
713.77
838451
973469
1119.2
1274.9
144047
161644
1801.9
1997.0
220147
241549
2639.3
2871.9
3113,6
336442
362347
3891.9
416848
4454,3
474842
50505
5361.2
568042
500743
6H342,7
668641
703746
7397.1
776447
814043
852440
8915.6
9315,2
9723.0
10139.
10563
10995
11436,
11885
11967

11967.

7979
12378,
12890
13215,

13215,
13470
14151
14843,
15283
15543,
16253,
16973
17701,

840 JOULES

0000
04053
0el77
0e405
OeT42
14180
14709
24317
24993
24728
4e512
54337
60197
Te084
7e¢994
84922
94865
104819
114781
126749
13¢721
l4e¢694
154668
164642
174614
184584
194550
204514
210472
224428
234379
244325
254266
264202
27132
284059
284980
29489€
304807
314713
324515
334512
344405
354294
364179
37061
374939
384813
394686
404555
414423
424289
434154
444019
L4i4elT4

Gb44174
294212
45,009
464034
460677

460677
476263
484798
506314
51e¢259
51e811
534290
544751
564195

THE SUBSCRIPT S REFERS TO THE STATE IN EQUILIBRIUM WITH SATURATED VAPOR
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TABLE 129

MOLAL THERMODYNAMIC FUNCTIONS FOR HEXADECANE

NORMAL—ClsH34

SOLID AND LIQUID PHASES

T DEG K=273.15+T DEG C

1 CAL=441840 JOULES

GRAM MOLECULAR WTe= 226444938 GRAMS

C

C

c 0
T Cq (He=Eg)  (H—E)/T Se (G =Eg) —(G~Eg)/T
DEG K ==SAL__ CAL ~-SAL__  __CAL__ CAL ~-CAL__
DEG MOL MOL DEG MOL  DEG MOL MOL DEG MOL
SOLID TRICLINIC
000 04000 0,000 0+000 04000 0+000 04000
10.00 04640 14605 04160 0e214 04535 04053
15,00 24017 74903 24527 0.706 24687 0179
20,00 4,098 224936 lel47 14557 84197 0e410
25,00 6672 494719 1,989 24761 184812 04752
30400 94494 994C52 3.002 44204 364072 14202
35,00  12.451 144,489 44140 54889 614223 1o 749
40,00 154407 214457 5¢364 74745 95.247 24381
45,00 184315 298490 60642 94728 138.89 34086
50,00 21,144 397457 74951 114805 192469 34854
55,00  23.882 51Ce19 9e27¢ 13,95¢C 257405 46674
60600 264472 636415 104602 164140 332,26 54538
65000 284872 774459 114917 184355 418449 6e438
70,00 31,176 924,450 13,208 204577 515482 74369
75,00 33,248 108545 1440473 22,797 624426 84323
80,00 35,318 125649 154712 254009 743478 90297
85,00  37.270 143845 164923 274210 8744332 10286
90400 39,065 162944 184104 294391 1c15.8 114287
95.00 404714 182849 194251 314548 116842 124297
100,00 424265 203644 20+364 33.676 1331.3 134313
105400 43,754 2251 ¢4 21,442 35,775 150449 144333
110,00  45.200 2473,.8 224489 37,844 168940 154354
115,00 464607 270344 234507 39,884 188343 164377
120,00 47,976 293948 244499 414897 208748 174398
125,00 49,308 3183.1 254464 43,882 230242 184418
130,00 50,604 343249 264407 454842 252646 194435
135,00  51.865 368940 274326 474775 276046 204649
140,00 53,095 395144 284225 494684 300443 214459
145.00 564300 421949 294103 514568 325744 224465
150400 55,489 4494 44 29.963 534429 3519,9 234466
155,00  56.668 477448 304805 554268 379146 244662
160,00  57.845 50611 314632 57.085 407245 254453
165,00 594027 535343 324444 58.883 436245 264439
170,00  6C.216 56514 334243 604663 466143 274420
175,00 614415 595545 344031 62426 496941 284395
180400 624625 626545 344809 644173 528546 294364
185,00  63.848 658147 354577 65905 561048 304329
190.00  65.086 690441 364337 6746265 594446 314287
195400  €64343 723246 374090 654331 628740 324241
200,00  67.623 756745 37.838 71,027 663749 334189
205.00  68.928 790849 384580 724713 6597432 344133
210,00  70.263 825649 394318 744390 7365.0 354071
215,00  71.629 861146 404054 764059 774141 2640C5
220.00  73.031 897342 404787 774722 812546 364935
225,00 744473 934240 414520 79+379 851843 374859
230,00 75,961 971840 424252 814032 89194 384780
235,00 774501 101024 424986 824682 932847 394696
260,00 79,102 10493, 434721 844331 974642 404609
245,00 80,771 10893, 444460 85,979 10172, 414518
250400 824519 11301, 454204 87,628  10606. 424424
255,00  84.354 11718, 454953 894280 11048, 434326
260,00  86.282 12145, 464710 90.936 11499, 444226
265.,0C 884312 12581 476476 22,599 11958, 454123
270400 90,449 13028, 484252 944269 12425, 464018
273415  91.853 13315, 484746 95.327 12723 46458C
275400 924699 134864 494039 954950 12900, 464910
280,00  95.066 13955, 494840 97.641 13384, 474801
285,00 97,553 14437, 504655 994345 13877, 484690
290.00 100416 14931 51.486  101.06 14378, 494579
29134 100.88 15066 514711  101.53 14514, 494816
LIQUID PHASE
291e34 119.21 27819, 954485 145430 14514, 494817
295.00 119455 282564 05,781 146479 15048, 514011
298415 119.88 28633 964034 148,07 15512, 524030
300400 120409 288554 964182 148481 15787, 524624
305,00 120471 294574 964579 150480 16536 544217
310e50 12141 30062 964974 152476 17295, 554790
315,00 122419 306716 974368 154471 18064, 574345
320400 123.U5 31284 97+762 156464 18842, 584882
Sy = O AT ABSOLUTE ZERO

THE SUBSCRIPT S REFERS TO THE STATE

IN EQUILIBRIUM WITH SATURATED VAPOR
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TABLE 130

MOLAL THERMODYNAMIC FUNCTIONS FOR TETRAPHOSPHORUS DECASULFIDE
P4s10
SOLID PHASE
T DEG K=273.15+T DEG C 1 CAL=4,1840 JOULES

GRAM MOLECULAR WTe= 444,5352 GRAMS

0 0_ e - _ 0

T C (HT HO) (HT HO)/T ST (G Ho) (GT HO)/T
0EG K ~oCAL__ CAL __CAL__ __CAL__ CAL __GAL__
DEG MOL MOL DEG MOL DEG MOL MOL DEG MOL
UeOU 0000 0+000 0000 04000 0000 0000
5600 06283 0e363 04073 0097 06123 0e025
10400 14635 44750 Oes75 0652 le769 0e177
15CC 34589 176675 14178 14673 Te425 0e495
20eCU 5677 404865 24043 24993 18999 06950
254 0C Te694 744298 24972 Le4 77 37625 1505
3040C G744 117486 3.929 64060 634931 20131
35400 11874 17189 44911 Te721 984353 2¢810
40,400 14.083 236676 5919 Ge450 141426 34531
45400 16307 312674 6950 11238 192.95 40288
50400 18.521 309,481 74996 13,070 253,71 56074
55400 20724 34974973 94053 144939 323,72 54886
6Ue0U 22879 606497 106116 164835 403414 6719
65400 244908 726650 11177 18.748 492,10 74571
7040C 26.818 855485 126226 20664 550462 8e437
75600 284706 994 465 124262 224578 £98473 94316
80400 304556 114249 l4e286 24e492 2l6+441 104205
85600 324415 130045 15430C 266402 943464 116102
90400 344094 146648 164298 2843073 108064 124005
98400 154641 164142 176276 304188 122646 12912
100400 376104 182361 18231 324C54 1382.3 134823
105400 384527 201242 19.164 32,898 154741 146735
110430 39,928 220843 20,076 354,723 1721.2 154647
115.00 414308 241164 20e96Q 374528 19GC4e2 164559
12UeCu 424659 2621e4 21845 394215 209¢€.°5 17470
125490C 434875 2R3840 224704 414083 229745 180380
1304C0 454242 3061eC 23546 4274833 25073 194287
135830 46e4678 3290 84 244373 444564 272548 20s191
14040¢ 476660 352547 250184 466276 295249 21092
14560 48,7908 276642 254279 474968 318845 21990
15C40C 494894 401247 264758 494641 Au32e4% 224883
155400 506957 4765492 274521 51294 3684 ,9 234773
160400 51.97C 4523,1 286269 52928 304544 244659
16560C 524955 4723% et 234002 S4e5473 421441 256540
170400 536209 SC52eF 294721 5he138 L6590 47 2662017
175eCC 544833 5326445 ICe42% B7e714 477545 274288
18CeClC 554727 56C0e7% 2le116 504271 EC6T62 286155
1854C0C 564598 588167 2147973 606810 "368.1 294017
190435C 57 e 44 416640 3264657 5264231 5476eC 204874
195400 584256 645641 324108 634037 590164 306725
20Ce0C 594066 674362 Je747 55473158 A314g7 216571
2054C0 59.812 724665 344377 664786 HELhL b 324413
210400 605532 72347 ol 344088 6Be236 658241 336248
215400 T7£5260 354531 604669 7225649 344079
220600 72601 364182 Tle08¢& 767848 344904
225427 9271e6 6472 724486 80377 35723
222a4CC 858646 27,4333 734870 840346 364537
225400 2074 g7 374809073 75229 8776e4 376346
2bhieuy 2225 384442 756592 315640 384150
245630 255C a4 384982 774930 9542,3 388948
ECalC 287341 394512 704253 9935,.3 394741
25% 6 10229, 4040373 804562 10335, 40529
262800 1C542 40546 814857 10741 41311
2656w 574501 10878 41049 834137 11153, 424088
275eC0 68.036 11217 41e544 B84e404 11572 424860
2736415 684365 11432 416851 854195 11839, 434344
275400 684555 11558, 424030 854657 11997, 434627
280400 694057 11902 424508 864897 12429 444388
2854C3 69+544 12249, 42979 88e124 12866 454145
290400 70,015 12598 434441 89337 13310. 454896
295400 706472 12949, 434895 90538 13760 460643
298415 704752 13171 LielT77 914288 14046. 4T7e111
300400 70.914 13302 G4 e342 91,726 14215, 476384
310400 71.763 14016 454213 944065 15144, 48¢853
32000 72568 14738, 464055 964356 16096, 506301
330,00 734338 15467 46487C 984601 17071 51731
340400 744079 16204 476660 100480 18068, 53e¢142
350400 T4e794 1694G, 4B 425 102+96 19087, 544535

Hg AND Sg APPLY TO THE REFERENCE STATE OF THE SOLID AT ZERO DEG K
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